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Wednesday, March 9, 2011 517aPLC-epsilon with a mutated Ras Association (RA) domain, or a H1640L
PLC-epsilon that is catalytically dead, were both ineffective. Since 8-pCPT-
2’-O-Me-cAMP-AM failed to facilitate CICR in WT beta cells transduced
with a GTPase activating protein (RapGAP) that down-regulates Rap activity,
the available evidence indicates that a signal transduction ‘‘module’’ comprised
of Epac2, Rap, and PLC-epsilon exists in beta cells, and that the activities of
Epac2 and PLC-epsilon are key determinants of CICR in this cell type.
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PKA is a Control Node in a Calcium-Dependent Oscillatory Circuit in Pan-
creatic Beta Cells
Ambhighainath Ganesan, Qiang Ni, Nwe-Nwe Aye-Han, Xinxin Gao,
Michael D. Allen, Andre Levchenko, Jin Zhang.
Johns Hopkins University School of Medicine, Baltimore, MD, USA.
Protein Kinases are often critical nodes in signaling cascades that encode di-
verse inputs and effect appropriate outcomes requiring complex spatiotemporal
regulation of kinase activities. We show here using FRET-based biosensors that
calcium, cAMP and PKA activity oscillate synchronously in insulin secreting
MIN6 pancreatic beta cells, suggesting the presence of a tightly regulated
oscillatory circuit involving PKA mediated feedback onto calcium signaling.
We observed that PKA is essential for this circuit as well as capable of
initiating oscillations. Further, mathematical modeling in conjunction with
experimentsindi-
cates that PKA
activity could
modulate the fre-
quency of oscil-
lations resulting
in diverse spatio-
temporal out-
comes (simula-
tions shown in figure).
Catalytic subunits of PKA could be periodically released and recaptured for
‘‘local’’ target phosphorylation at low frequency conditions (left panel). How-
ever, at high frequency conditions (right panel), the mean PKA activity (dotted
line) may cross an arbitrary threshold (dashed line) leading to continued release
of catalytic subunits resulting in phosphorylation of ‘‘global’’ targets. Our find-
ings therefore suggest that temporal regulation of PKA activity could be used to
control complex cellular functions and thus influence the functionality of the
pancreatic beta cell.
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Basal Phospholipase C (PLC) Activation is Obligatory for Cardiac Pace-
maker Activity
Tatiana M. Vinogradova, Edward G. Lakatta.
NIA, NIH, Baltimore, MD, USA.
Spontaneous firing of sinoatrial node cells (SANC) is controlled by sarcoplas-
mic reticulum (SR) generated local subsarcolemmal Ca2þ releases (LCRs)
which appear during diastolic depolarization and activate an inward Naþ-
Ca2þexchange current, regulating diastolic depolarization rate and SANC
beating rate. Whether the ubiquitous enzyme, PLC that plays a key role in
Ca2þ signaling of numerous cell types, controls spontaneous SANC firing is
unknown. Here we show that PLC inhibitor U-73122 (6mmol/L, n=7), but
not its inactive analog U-73343 (n=4), stops spontaneous firing (perforated
patch-clamp recordings) of freshly isolated rabbit SANC, indicating important
role of basal PLC activity for cardiac pacemaking. To determine whether sig-
naling via the cAMP-sensor Epac elevates PLC activity in SANC and stimu-
lates PLC-mediated IP3-dependent Ca
2þ release, we employed Epac activator
cpTOME or IP3 receptor inhibitor 2-APB, respectively. Neither cpTOME (10
mmol/L, n=3), nor 2-APB (2 mmol/L, n=4) altered the spontaneous SANC
beating rate. PLC inhibition by U-73122, in a time-dependent manner, sup-
pressed LCRs (confocal microscopy, Ca2þindicator Fluo-3), i.e. decreased
LCR’s size, amplitude and prolonged the LCR period (the interval between
AP-induced Ca2þ transient and subsequent LCR); afterwards eliminated
LCRs and stopped SANC firing. The time-dependent increase in the LCR pe-
riod predicted the concomitant increase in the spontaneous cycle length, sug-
gesting that Ca2þ cycling could be a major target of PLC-dependent control of
SANC firing. LCRs are critically dependent upon amount of Ca2þ in SR, sup-
plied by L-type Ca2þcurrent (ICa,L). U-73122, but not U-73343, markedly sup-
pressed ICa,L amplitude (from 11.854.8 to 5.952.4 pA/pF, n=6,
P<0.001). We conclude that PLC-dependent control of spontaneous SANC
firing, independent of either Epac signaling or IP3-dependent Ca
2þ release,
regulates Ca2þ influx through L-type Ca2þ channels and, thus, SR Ca2þ cy-
cling and via these mechanisms, in part at least, is obligatory for SANC nor-
mal automaticity.2813-Plat
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Nuclear calcium (Ca2þ) signalling play a major role in cardiac excitation-
transcription coupling. The origin of nuclear Ca2þ transient is still controver-
sial. It has been suggested that Ca2þ diffusion from the cytosol through the nu-
clear pores or perinuclear and intranuclear Ca2þ release mechanisms, mostly
via the inositol-3-phosphate receptors (IP3R), participate to nuclear Ca2þ tran-
sient. In rabbits subjected to rapid atrial pacing (RAP, 600bp, 5 days), a model
for atrial fibrillation (AF), we recently observed that central-cellular, but not
subsarcolemmal Ca2þ transient, was largely reduced. Since nuclei are often
at the center of atrial myocytes, we hypothesized that nuclear Ca2þ transient
is also decreased in RAP cells. Using confocal microscopy we recorded trans-
verse line-scan images in field-stimulated sham and RAP atrial cells. Nuclear
Ca2þ transient amplitude in relation to subsarcolemmal Ca2þ transient was
decreased in RAP compared to sham cells (at 1Hz, DFnuclear/DFsubsarcolem-
mal was 0,3850,03 in 17 RAP cells, compared to 0,8150,06 in 16 sham cells,
p<0,01). Isoproterenol restored central-cellular as well as nuclear Ca2þ tran-
sient amplitude in RAP cells. Interestingly, at 2,5Hz, in 9 out of 16 sham cells
and in 4 out of 16 RAP cells, a nuclear Ca2þ transient did not follow the cy-
toplasmic Ca2þ transient suggesting that cytosolic Ca2þ diffusion is not the
only mechanism eliciting atrial nuclear Ca2þ transient. Indeed, we observed
that, in RAP, L-phenylephrine enhanced both nuclear Ca2þ transient and peri-
nuclear Ca2þ release, via the IP3R, while it had no effect in sham cells. Taken
together, our data indicate that both cytoplasmic Ca2þ transient and perinu-
clear Ca2þ release determine atrial nuclear Ca2þ transient. Furthermore, nu-
clear Ca2þ transient is reduced while IP3-mediated nuclear Ca2þ signalling
is enhanced in RAP, possibly affecting Ca2þ-mediated transcription pathways.
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In contrast to its role in pathophysiology very little is known about the role of the
Gq/G11 signaling cassette in the physiology of cardiac myocytes. We have gen-
erated transgenic mice combining a G11-KO approach with the Cre-
recombinase tool to knock-down (KD) Gq in a tissue-specific inducible manner.
Western-blot analysis depict the rapid loss of Gq protein in less than 2 weeks
while the use of a reporter mouse substantiated tissue specificity. We analyzed
the effects of (i) Cre expression, (ii) vehicle/Tamoxifen injection, (iii) G11-
KO and (iv) Gq-KD on resting potential and capacitance, action potentials
(AP) and I(to) by patch-clamping ventricular myocytes. Calcium homeostasis
was investigated by Fura2 video-imaging and contraction behavior by measur-
ing sarcomere length. While basic cellular parameters were largely unchanged
(cell capacitance, resting membrane potential) in all genotypes and treatments,
AP, calcium handling and contractile behavior were altered by vehicle/Tamox-
ifen injection,G11-KOandGq-KD.Vehicle injection alone caused upregulation
of I(to) and shortening of APs similar to G11-KO. In contrast additional Gq-KD,
restorated‘‘ AP properties and I(to). Vehicle injection itself into wt mice caused
increases in basal calcium that were absent after Tamoxifen injection, Cre ex-
pression had mild effects on calcium handling. Tamoxifen injection and Gq/
G11-KO caused major changes in calcium handling and contractile behavior.
In conclusion, despite the broad application of the Cre-recombinase system,
care has to be taken for possible effects of Cre expression and vehicle/Tamoxifen
injection. TheGq/G11 signaling systemplays an important role in the physiolog-
ical modulation of proteins involved in electrophysiology and calcium homeo-
stasis most likely regulated by basal levels of neurohormonal stimulation.
This work was supported by the DFG (KFO196) and the Medical Faculty
(HOMFOR).
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Ca2þ mediates a wide range of cellular responses and the release of this ion
from inositol 1,4,5-triphosphate receptor (InsP3R) is known to play a critical
518a Wednesday, March 9, 2011role in transcription of genes involved in cardiac hypertrophy. The goal of this
work is to investigate the relative role of nuclear InsP3 in hypertrophy response
induced by endothelin-1 (ET-1). For that, we used an adenovirus construct that
has the ability to act as selective InsP3 buffer in the nucleus (InsP3-sponge-
NLS), inducing local changes in Ca2þ levels. We used a primary culture of neo-
natal cardiomyocytes, and cells were examined by confocal microscopy and
immunofluorescence. We found that ET-1 increased cell surface area by
54.35 6.87% compared to control (p<0.05), and that InsP3-sponge-NLS pre-
vented hypertrophy induced by ET-1. We also found that ANP expression
levels remained at control levels when ET-1 treated cardiomyocytes had
InsP3 buffered in the nucleus. Then, we investigated whether buffering nuclear
InsP3 would affect the signaling pathway as calcineurin (Cn)/ nuclear factor of
activated T cells (NFAT) and histone deacetilase 5 (HDAC-5) preventing the
activation of hypertrophic genes. We observed that buffering nuclear InsP3 de-
creased translocation of Cn, and NFAT (1.22 5 0.13 and 0.465 0.16 pixel/
nuclear area for control and buffered cells, respectively, p<0.001) upon ET-
1 stimulation. On the other hand, the HDAC-5 exportation to citosol was pre-
vented by InsP3-sponge-NLS (2.965 5 0.13 and 5.548 5 0.25 pixel/nuclear
area for ET-1 treated cells and InsP3-sponge-NLS infected plus ET-1 cardio-
myocytes, respectively, p<0.001).Together, these results show that nuclear
InsP3 plays a central role in the hypertrophic effect induced by ET-1. Su-
port:HHMI/CNPq/Fapemig/CAPES.
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Coenzyme Q10 (CoQ10) is one of the essential components of the mitochon-
drial electron-transport chain (ETC) with a primary function to transfer elec-
trons along and protons across the inner mitochondrial membrane (IMM).
The concomitant proton gradient across the IMM is essential for the process
of oxidative phosphorylation and consequently ATP production.
We report that CoQ10 and its analog CoQ1 have an as-of-yet unknown poten-
tial in Ca2þ binding and transport. Using voltammetry, UV-VIS spectrometry,
electron paramagnetic resonance (EPR) and nuclear magnetic resonance
(NMR) we show that the native form of both CoQ10 and its analog CoQ1 nei-
ther bind nor transport Ca2þ ions. However, when exposed to alkaline media or
monoxygenase enzymes such as cytochrome P450, both CoQs undergo struc-
tural changes through a complex reaction pathway and form quinone structures
with distinct properties. In a time dependent manner, one or both methoxy
groups at position 2 and 3 on the quinone ring are replaced by a hydroxyl group.
Contrary to the native form, the new hydroxylated products (of CoQ1 or
CoQ10), depending on its redox transformation, are effectively chelating and
transporting Ca2þ across artificial biomimetic membranes.
Our results open new perspectives about the physiological importance of
CoQ10, not only as electron and proton transporter, but also as a potential reg-
ulator of mitochondrial Ca2þ homeostasis.
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Thrombus formation is believed to be the major cause of stroke and infarction.
Current understanding imposes mechanisms based on leucocyte and platelet ac-
tivity. However, red blood cells make up a significant part of the clot. An active
participation of red blood cells was hypothesised.
Cell based methods, namely the patch-clamp technique and observing as well
as manipulating optical methods (video-imaging and holographic laser twee-
zers, respectively) were used to characterise human red blood cells to explore
cellular signalling and cellular interactions.
Extracellular signalling molecules such as lysophosphatidic acid, prostaglandin
E2 or homocyseine can activate cation channels in the red blood cell mem-
brane. The consecutive calcium influx and accumulation shows a distinct cell
to cell variation throughout the red cell population. The calcium signal results
in several cellular responses: (i) cell shrinkage due to the Gardos-channel activ-
ity, (ii) lipid asymmetry breakdown and phosphatidyl serin exposure to the
outer membrane leaflet due to scramblase activity and (iii) irreversible cellular
adhesion within individual red blood cells. The adhesion mechanism can just be
speculated about. Using atomic force spectroscopy we measured an adhesion
force of appoximately 100 pN.We provide further evidence derived from single cell experiments for the active
participation of red blood cells in thrombotic events. In light of an increasing
number of clinical indications, especially under pathophysiologica conditions,
such as sickle cell disease, thalassemia or dialysis patients, red blood cells may
slowly move into the focus of comprehensive pharmacological strategies for
preventing such thrombosis related events such as stroke and cardiac infarction.
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The Evolution of the Natively Disordered Region in P53 Family Proteins
Buyong Ma, Ruth Nussinov.
SAIC-Frederick, NCI-Frederick, NIH, Frederick, MD, USA.
Protein disorder in N- and C-terminal regions is among the major structural fac-
tors that coupled to the amino acid evolution in p53. Using three independent
predictors of protein disorder (Foldunfold, IUPred, and Foldindex), we found
that the percentage of disordered fragments in p53 steadily increases with evo-
lution, which is not the case for p63/p73. The increase in natively disordered
segments may help p53 interact with many partners while making it less sen-
sitive to mutational perturbations.
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Structural preferences in the unfolded state of peptides determined by molecu-
lar dynamics still contradict experimental data. A remedy in this regard has
been suggested by MD simulations with an optimized Amber force field
ff03* (R. Best and G. Hummer, J. Phys. Chem. B 113, 9004-9015). The simu-
lations yielded a statistical coil distribution for alanine, which is at variance
with recent experimental results. To check the validity of this distribution,
we investigated the peptide H-A5W-OH, which with the exception of the addi-
tional terminal tryptophan is analogous to the peptide used to optimize the force
field. Electronic circular dichroism, vibrational circular dichroism, infrared
spectroscopy as well as J-coupling constants obtained from NMR experiments
were used to derive the peptide’s conformational ensemble. Qualitatively, the
experimental 3J(HN,Ca), VCD, and ECD indicated a preference of alanine for
polyproline II-like conformations. Additionally, Fo¨rster-resonance-energy
transfer between the terminal fluorophores of another analogous peptide
Dbo-A5W-OH was used to determine its average length. In order to check
whether the above statistical coil distribution quantitatively accounts for exper-
imental data, we employed an excitonic model to calculate the amide I’ profiles
of the IR and VCD spectrum of H-A5W-OH as well as the distance between the
two terminal peptide carbonyls by using the distribution obtained from ff03*.
This led to an underestimated negative VCD couplet and an overestimated dis-
tance between terminal carbonyl groups. A better representation of experimen-
tal data was desired so we changed the distribution parameters in line with
results recently obtained for alanine in GAG. This distribution model satisfac-
torily reproduced the amide I’ profiles, the J-coupling constant and the end-to-
end distance of H-A5W-OH, which reinforces alanine’s high structural prefer-
ence for polyproline II.
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Intrinsically disordered proteins (IDPs) have been implicated in the regulation
of many important cellular processes, such as regulation of cell cycle progres-
sion, of transcription and of translation. IDPs are thought to function primarily
in the mediation of protein-protein interactions, but detailed analysis of the mo-
lecular mechanisms that render disorder beneficial in protein interactions is re-
quired. According to a common view, IDPs are usually thought to undergo
disorder-to-order transitions upon interaction with their binding partners. It is
becoming increasingly clear that predominantly disordered protein complexes
